
(12) INTERNATIONALAPPLICATION PUBLISHED UNDER THE PATENT COOPERATIONTREATY (PCT>

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

3D October 2003 (30.102003)

mm

PCT

iiniiiDiniiiiiiiiiiiiDini

(10) International Publication Number

WO 03/089260 Al

(51) International Patent Classification7: B60C 23/04

(21) International Application Number: PCI7D503/11582

(22) International Filing Date: 14 April 2003 (14.04.2003)

(25) Filing Language: English

(26) Publication Language:

(30) Priority Data:

10/125,043 18 April 2002 (18.04:2002) US

(71) Applicant: SCHRADER BRIDGEPORT INTERNA-
TIONAL, INC [US/US]; 900 South Broadway. Denver,

CO 80209 (US).

(72) Inventors: STEWART, William, David; 24 Oakglen,

Antrim, Northern Ireland (GB). BOUDAOUD, Mir; 15,

rue Chanier, F-940D0 Crctail (FR). MOLYNEAUX,
NevSn, Robert; 34 Oakglen, Amtriro, Northern Ire-

land (IEX STRAHAN, Samuel, Kane; 144 Knockan
Road, Bronghshane, Ballymena, Northern Ireland (JE).

MCCALL, Alan, Kenneth; 75 Old Coach Road, Tem-
plePatrick, Northern Ireland (IB). JORDAN, Trevor,

Anthony; 103 Minorca Drive, Carrickfergus, Northern

Ireland (IE).

(74) Agent: RAUCH, John, 0; Brinks Holer Gilson & Lione,

P.O. Box 10087, Chicago, IL 60610 (US).

(81) Designated States (national)'. AE, AG, AL, AM, AT, AU,
AZ,BA,BB,BG, BR, BXBZ.CA.CH.cn, CO, CKCU,
CZ, DB, DK,DM, DZ, EC, EE, ES, H, GB, GD, GH, GH,
GM,HR,HU,ro,II^IN,IS,JP,KE,KGf KP,KR,KZ,LC,
LK, UR, LS, IT, LU. LV, MA, MD, MG, MK, MN, MW,
MX, MZ, HI, NO, NZ,OM, VE, PL. FT. RO. KU, SC, SD,
SB, SO, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ,
VC. VN. YU. ZA, ZM, ZW.

(84) Designated States {regional): ARIPO patent (GH, GM,
KB, LS, MW, MZ, SD, SL> SZ, TZ, UG, ZM. ZW),
Bnrasianpalent (AM, AZ, BY; KG, KZ,MD, RU, TJ,TM),

European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
BS, H, FR, GB, GR, HU, IB, H LU, MC, NL, PT, RO,
SB, SI, SK. TR), OAPI patent (BP, BJ, CP, CG, CI. CM,
GA, GN, GQ, GW, ML, MR, NB, SN, TD, TG).

Published:

— with internationalsearch report

For two-letter codes andother abbreviations, refer to the ''Guid-

ance Notes on Codes andAbbreviations" appearing atthe begin-

ning ofeach regular issue ofthePCT Gazette,

(54) Title: DETERMINATION OFWHEEL SENSOR POSITION USING ACCELERATION SIGNALS

RF

ASIC

7^

o
so
«s
OS
00©
o
O

Pressure

Sensor
Z&Xaxb

Acceterometer

IT

J
702

•

—

[Battery
f

700

Motion Detect

(57) Abstract: A tire monitor foruse in conjunction with a remote tire monitoring system ofa vehicle includes in one embodiment
a dual-axis accelerometer and a control circuit. The control circuit determines position information such as the right/left position of
the tire monitor on the vehicle in response to an acceleration signal from the dual axis accelerometer. The tire monitor transmits ore

data and the position information to a control unit of a remote tire monitor system. The control unit determines additional position

information such as front/rear position ofthe transmitting tire monitorby /Wprirng signal strength of the transmission. This allows

the system to automatically re-leam the position of tire monitors on the vehicle, even after tire rotation.
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DETERMINATION OF WHEEL SENSOR POSITION USING ACCELERATION SIGNALS

CROSS REFERENCE TO RELATED APPLICATIONS

This application is related to U.S> patent application serial number

09/557,682, filed April 25, 2000 in the names ofEmmanuel Marguet and William

Stewart and to application serial number 10/021,284, filed October 29, 2001 in the

names ofWilliam Stewart, Idir Boudaoud and Stephen Thomas McClelland, both

ofwhich are commonly assigned to the owner ofthe present application.

Application serial number 09/557,682 and application serial number 10/021,284

are incorporated herein in their entirety by this reference.

BACKGROUND

The present invention relates generally to a remote tire monitoring system.

More particularly, the present invention relates to a method and apparatus for

automatically updating position information for tire monitors in such a system.

Systems have been developed to monitor a characteristic such as tire

pressure ofa vehicle and to report the characteristic to a receiver at a central

monitoring station using radio transmissions. A monitor is located at each tire and

periodically takes a measurement of the tire characteristic. The monitor then

transmits the results of the measurement in a radio frequency transmission to the

central monitoring station which produces an alarm or a display in response to the

measurement.

One problem with such systems has been the need to program the location

ofthe transmitters at the central station. To be fully useful, the tire characteristic

data is preferably associated with the tire which originated the measurement when

presenting a display or alarm. Each monitor includes identification information

which can be transmitted with the measurement. The tire monitor is preferably

activated lo produce this information and the information is then conveyed to the

central station and associated with the position of the tire.
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In the technique ofU.S. Patent No. 5,600,301 , the tire monitors each

include a reed-switch or other magnetic device. A magnet is passed near the reed

switch, causing the monitor to transmit a radio frequency transmission that

includes identification data. A service technician repeats this process at each

wheel and then loads the identification and position information into the central

monitoring station. Another method provides a printed bar code on each tire

monitor which contains the identification information and which may be read with

a suitable bar code reader.

In U.S. Patent No. 5,880,363, an activation signal is provided from the

central controller to a low frequency transmitter at each wheel well. The

transmitter generates a low frequency signal to activate the tire monitor. The tire

pressure monitor responds by generating a long wave identification signal and

transmitting that signal with tire pressure and identification data directly to the

control unit. The long wave identification signal is used to identify the position of

the tire by distinguishing this transmission from other transmissions received by

the controller.

U.S. Patent No. 5,883,305 discloses two-way communication of data by

radio signals. A tire pressure monitor is activated by a radio frequency signal

transmitted by an antenna in the wheel well adjacent the tire. The tire pressure

monitor transmits a second radio frequency signal which is detected by the wheel

well antenna. The second signal is demodulated to detect that tire pressure data

U.S. Patent number 6,204,75851 discloses a tire monitor including a

tangential acceJerometer for detecting acceleration of the tire monitor. Tangential

acceleration along a single axis is detected to determine acceleration. Position

information for the tire monitor is determined in response to the acceleration.

These previous techniques have been limited in effectiveness. The

magnetic programming technique may be subject to interference and crosstalk, for

example in a factory where many such tire monitors are being assembled with tires

and vehicles. The bar code label system requires a label at each tire which can be

lost or become dirty or illegible. The apparatus for transmitting a long wave

activation signal and generating a long wave identification signal therefrom is too
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expensive for some applications. The two-way data communication techniques

requires demodulation of the received radio signals at the wheel well and coaxial

cabling back to the central controller, both ofwhich add to the cost ofthe system.

The tangential acceleration which must be sensed requires a highly sensitive

accelerorheter which may be prohibitively expensive in the current application.

A further limitation ofsome ofthese prior techniques is the manual

operation requiring activation by a service technician. A system is desired which

automatically conveys wheel position data to the receiver. Such a system would

be particularly useful after any change in tire position, such as tire rotation or

replacement ofa tire.

U.S. patent application serial number 09/557,682, commonly assigned with

the present application, discloses a system and method in which tire monitors are

located at each wheel of the vehicle and periodically transmit tire data along with a

tire monitor identifier. Four small, inexpensive RF detectors are located near each

wheel. Each RF detector is connected to the central control unit by a power line

and a ground line. When a tire monitor transmits data by emitting an RF
transmission, the RF detector that is closest to the transmitter will detect the burst

ofRF energy. The RF detector responds to the RF energy by modulating the

power line to the control unit with the envelope ofthe transmitted data. The

control unit detects this modulation on one of its power lines. Also, the RF
receiver ofthe control unit receives and demodulates the data transmitted by the

tire monitor. The control unit associates the received data with the position

indication provided by the modulation on the power line. When the positions of

the wheels on the vehicle are changed, the control unit can determine the new

position using the modulated power line in association with the tire monitor

identifier in the transmitted data.

While this system has been very successful in application, a system

featuring reduced cost and weight is desired. The cables that must be run from the

control unit to all four RF detectors add substantially to the cost and weight ofan

installation. Accordingly, there is a need for a system and method which provide
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the operational advantages ofthe earlier system in a system offering reduced

complexity, parts count, weight and cost

SUMMARY

By way ofintroduction only, a tire monitor for use in conjunction with a

remote tire monitoring system of a vehicle includes in one embodiment a dual-axi

accelerometer, and a control circuit configured to determine position information

about position ofthe tire monitor on the vehicle in response to an acceleration

signal from (he dual axis accelerometer.

In another embodiment, a tire monitor method includes, at a tire monitor,

determining first acceleration along a first axis and second acceleration along a

second axis and, based on the first acceleration and the second acceleration,

determining position information about position of the tire monitor on a vehicle.

In yet another embodiment, a remote tire monitoring system for a vehicle

includes a plurality of tire monitors associated with respective tires of the vehicle

and a control circuit. Each tire monitor includes an accelerometer, a monitor

position information determining circuit responsive to an acceleration signal from

the accelerometer, and a position information radio transmitting circuit Jbe
control circuit includes a position information radio receiving circuit and a

respective tire monitor position determining circuit

In yet another embodiment, a tire monitor for use in a remote tire monitor

system for tires ofa vehicle includes means for determining a direction of rotation

ofan associated wheel and means for determining right/left position information

based on the direction ofrotation. The tire monitor further includes transmitting

means for transmitting data related to the right/left position information for the tiTe

monitor.

In yet another embodiment, a tire monitor method for a tire monitor

positioned at a wheel of a vehicle includes receiving a tire motion indication,

sampling an accelerometer signal produced by a multiple-axis accelerometer,

determining rotation direction for the wheel based on the accelerometer signal, and

determining position information for the wheel based on the rotation direction.
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The method further includes transmitting data to a remote receiver based on the

position information.

In a further embodiment, a tire monitor method for a tire monitor

positioned at a wheel ofa vehicle includes sampling an accelerometer signal

produced by a multiple-axis accelerometer. Ifan acceleration indication ofthe

accelerometer signal exceeds a threshold, the method includes determining

rotation direction for the wheel based on the accelerometer signal, determining

position information for the wheel based on the rotation direction, and transmitting

data to a remote receiver based on the position information.

The foregoing discussion of the preferred embodiments has been provided

only by way ofintroduction. Nothing in this section should be taken as a

limitation on the following claims, which define the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a block diagram ofone embodiment of a remote tire monitor

system shown in conjunction with portions of a vehicle;

FIG. 2 is a flow diagram illustrating one embodiment ofan auto learn

method for the remote tire monitor system ofFIG. 1;

FIG. 3 is a flow diagram illustrating one embodiment ofan auto learn

method for the remote tire monitor system ofFIG. 1

;

FIG. 4 is a block diagram ofa vehicle with a remote tire monitor system;

FIGS. 5 and 6 and are a flow diagram illustrating one embodiment ofa

remote tire monitor system;

FIG. 7 is a block diagram ofan embodiment ofa tire monitor,

FIG. 8-12 illustrate acceleration experienced by the tire monitor of FIG. 7;.

FIG. 13 is a block diagram ofa control unit ofa remote tire monitor

system;

FIG. 14 is a schematic diagram of an embodiment of a peak detector for

use in the control unit of FIG. 13;

FIGS. 15 and 16 are flow diagrams illustrating two embodiments of

operation of the tire monitor of FIG. 7;
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FIG. 17 is a flow diagram illustrating operation of the control unit ofFIG.

12;

FIG. 1 8 is a detailed view ofone embodiment ofthe method illustrated in

FIG. 17; and

FIG. 19 is a flow diagram illustrating operation in an alternative

embodiment ofa remote tire monitor-system.

DETAILED DESCRIPTION OFTHE PRESENTLY PREFERRED
EMBODIMENTS

Referring now to the drawing, FIG. 1 is a block diagram of a remote tire

monitor system 100 shown in conjunction with portions of a vehicle 102. The

vehicle 102 includes in this example four tires 104. Other numbers of tires may be

included, such as a fifth tire as a spare or additional tires if the vehicle is a truck,

trailer or other multi-wheeled vehicle.

Associated with each of the tires 104 is a transmitter or tire monitor 106.

Each of the tire monitors 106 includes a battery powered, radio frequency (RF)

transmitter. Any suitable tire monitor may be used. U.S. Patent Application serial

number 09/245,938, entided "Method And Apparatus For A Remote Tire Pressure

Monitor System," filed February 5, 1999 in the name ofMcClelland et aL, and

commonly assigned with the present application is incorporated herein by

reference and illustrates one suitable tire monitor for use in the remote tire

pressure monitor system 1 00. Each tire monitor 1 06 includes a sensor such as a

pressure sensor for measuring a tire characteristic. The tire monitor 1 06 converts

the measured tire characteristic to tire data. The tire data is encoded for

transmission from the tire monitor 106,

The tire monitor further includes a transmitter configured to transmit RF

signals including the tire data. In some embodiments, the transmissions are

encoded or randomized to minimize clashes at a receiver. For example, U.S.

Patent Application serial number 09/245,577, entitled "Method For

Communicating Data In A Remote Tire Pressure Monitoring System," filed

February 5, 1999 in the name of Bailie, et al., and commonly assigned with the
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present application is incorporated herein by reference. This application shows a

technique in which data words are transmitted separated by a time delay. The time

delay for each respective data word is defined according to a repeating pattern

common to the tires so that data words are transmitted during a plurality of

aperiodic time windows. Transmission parameters such as modulation techniques,

transmission frequency and transmission power are chosen according to local

regulations and to assure reliable reception ofthe RF signals.

The tire monitor 106 includes a motion switch 139. The motion switch 139

closes upon detection ofmovement ofthe vehicle 100. The motion switch 139

provides a signal to the processor 124 indicating closure ofthe switch 139 and

motion ofthe vehicle. In response to closure of the switch, the tire monitor system

100 begins operating, for example, by transmitting tire data. In the illustrated

embodiment, during normal operation, the tire monitor 106 transmits supervisory

tire pressure information once every minute. Any suitable motion switch may be

used for the switch 139.

The remote tire monitor system 100 includes a control unit 1 10 and a

plurality ofradio frequency (RF) detectors 112. In alternative embodiment, the

remote tire monitor system 100 additionally includes a user display for providing

user information such as tire pressure information and low tire pressure alarms. In

the illustrated embodiment, each RF detector 1 1 2 is mounted on the vehicle 1 02

proximate an associated tire monitor 1 06 to detect the RF signals from the

associated tire monitor 106 and produce a transmission indication in response to

detected RF signals. Each of the RF detectors 1 12 is electrically coupled by a

conductor 1 14 to the control unit 1 10. Structure and operation of ihe RF detectors

1 12 will be described in greater detail below.

The control unit 1 10 includes an RF receiver 1 20, an RF decoder 122, and

a controller 124. The RF receiver 120 is configured to receive RF signals

conveying tire data from at least one transmitting tire monitor 1 06 ofthe plurality

oftire monitors 106 associated with the wheels or tires 104 of the vehicle 102.

Any suitable RF receiver circuit may be used. The design and implementation of

the RF receiver 1 20 will depend on the type ofmodulation used for the RF signals,
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transmission frequency for the RF signals, and physical limitations such as

permitted size, weight and power dissipation.

The RF decoder 122 is configured to receive a transmission indication from

at least one receiving RF detector 1 12 of a plurality ofRF detectors 1 1 2 associated

with wheels or tires 104 ofthe vehicle 1 02. Thus, a tire monitor 1 06 will transmit

RF signals which are detected by the RF detector 1 1 2 associated with the

transmitting the monitor 106. The receiving RF detector 1 12 signals its detection

of the RF signals by providing the transmission indication on its associated

conductor 114.

The RF decoder 122 is further configured to identify a position ofa

transmitting tire monitor on the vehicle in response to the transmission indication

received from an RF detector. Accordingly, the RF decoder 122 includes a

plurality ofinput circuits 123 coupled to the conductors 1 14 which are in turn

coupled to the RF detectors 1 12. A transmission indication impressed on a

conductor 1 14 is detected by an associated input circuit 123. In the illustrated

embodiment, there is a one-to-one relationship between input circuits 123 and RF

detectors 1 12. In this manner, the RF detector 1 12 which originated the

transmission indication may be identified by the RF decoder determining which

input circuit 123 detects the transmission indication. In alternative embodiments,

the RF decoder 1 22 may include fewer than four input circuits 123 which are

multiplexed in some manner among the plurality ofRF detectors 1 12. For

example, a single input circuit 123 may be time shared among the plurality ofRF

detectors 1 12 to reduce the cost and complexity ofthe RF decoder 122.

The RF decoder 122 is electrically coupled with the RF circuit 120. Upon

receipt of RF signals at the RF circuit 120, the RF signals are demodulated to

extract the tire data contained within the RF signals. In some applications,

additional data decoding may be required after demodulation. The tire data in one

exemplary embodiment includes a tire monitor identifier, or unique identification

code which uniquely identifies the tire monitor 106 which transmitted the RF

signals. In addition, in this exemplary embodiment, the tire data also includes tire

pressure data related to a sensed tire pressure of the tire 104 at which the
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transmitting tire monitor 106 is located Alternative tire data may be included or

substituted for the tfre pressure data, such as a number of tire revolutions, rire

temperature, and so forth.

After extracting the tire data from the RF signals, the tire data is conveyed

from the RF receiver 120 to the RF decoder 122. The RF decoder 122 associates

the tire data with a position ofthe transmitting tire monitor 1 06 on the vehicle 102.

Position information is determined using the input circuit 1 23 and a transmission

indication received over a conductor 1 14 from RF detector 1 12. The tire data and

associated tire position are conveyed from the RF decoder 122 to the controller

124.

The controller 124 controls the operation ofthe remote tire monitor system

100, The controller 124 is preferably a microcontroller including a processor 128

and a memory 126. The processor 128 operates in response to data and

instructions stared in the memory 126 to control overall operation ofthe system

100,

In the illustrated embodiment, the processor 128 stores position data for a

plurality of tire monitors 106 ofthe remote tire monitor system 1 00. The

controller 124 is electrically coupled to the RF decoder 122 to receive tire data and

position data from the RF decoder 122. In the illustrated embodiment, when tire

data and position data are received at the microcontroller 124, the processor 128

retrieves stored position data from the memory 126. In one embodiment, the

position data are stored in association with a position on the vehicle, such as left

front, left rear, right front or right rear. The received position data is compared

with the stored position data. If there is no change, the position data is not updated

and further processing may occur using the received tire data. However, the

processor 128 updates the position data for the transmitting tire monitor 106 when

the position of the transmitting tire monitor 106 varies from the stored position

data for the transmitting tire monitor. Thus, the controller 124 includes a memory

126 and a processor configured to store in the memory 126 position of the

plurality of tire monitors 106 including the position of the transmitting tire monitor

which originated the received position data.
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In an alternative embodiment, the memory 126 is not usedfor storage of

position data. Rather, the received tire data is associated by the control unit 1 10

with the position information provided by the transmission indication from a RF

detector 1 12. The tire data and the position information from the input circuit J23

are used together to produce a display or alarm, if appropriate, by the system 100.

Additionally, in still another embodiment, the tire data omits any identiiying

information for the transmitting tire monitor 1 06 and again, the tire data and the

position information from the input circuit 123 are used together to produce the

appropriate display or alarm.

Completing the identification ofthe elements in FIG. 1, the vehicle 102

further includes a CAN driver 130, a voltage regulator 132, power line noise

suppressor 134, and a battery 136. The battery 136 provides operating power for

electrical systems ofthe vehicle 102 including the remote tire monitor system 100.

The battery 136 is a portion of the electrical power system of the vehicle, which

typically also includes an alternator and other components. Such electrical power

systems for vehicles are well known. The power line suppressor 134 reduces

noise on the power line from the battery 1 36. Noise may originate in other

electrical components ofthe vehicle 102, such as die ignition system. The voltage

regulator 132 receives the battery voltage or other operating voltage from the

power line suppressor 1 34 and produces a well regulated voltage for conponents

such as the control unit 1 10 and CAN driver 130. The CAN driver 130 provides

electrical interface with other elements ofa Controlled Area Network. Controlled

Area Network orCAN is a serial communication protocol for data commonly used

in automotive and other applications. The CAN bus 138 accessed by the CAN
driver 130 is used to interconnect a network of electronic nodes or modules. The

CAN bus operates according to an adopted standard. In conjunction with a remote

tire pressure monitor system 100, the CAN bus 138 may be used to convey tire

monitor data to other locations in the vehicle 1 02. For example, an alarm or a

display (not shown) may be controlled to provide a visual or audible indication to

an operator of the vehicle 102 that the tire data indicates an out-of-range condition,

such as low tire pressure.



WO 03/089260 PCT/US03/11582

- II -

In FIG. l,theRF decoder 122 and the controller 124 are shown as separate

elements ofthe control unit 110. In alternative embodiments, they may be

combined in a single processor or logic block or circuit. Any other illustrated

elements or additional elements included to enhance the functionality ofthe

system 100 may be integrated or combined with other components ofthe system

100.

Further, the system 100 should not be restricted to use in conjunction with

a CAN bus. In alternative embodiments, any other communications medium may

be employed for interconnecting the system 1 00 with other elements ofthe vehicle

102. For example, communication buses in accordance with the J-l 850 orUSB

standards may be substituted, or the control unit 1 10 may be directly hard wired

with other elements ofthe vehicle 102. Still further, external communications

may be omitted entirely so that the system 1 00 is completely self-contained.

FIG. I further shows a detailed view ofone embodiment ofan RF detector

1 1 2 for use in the remote tire monitor system 1 00. The RF detector 1 1 2 includes

an antenna 140 to sense radio frequency (RF) signals transmitted from the tire

monitor 106, an amplifier 142, an envelope detector coupled to the antenna 140

through the amplifier 142 and an output circuit 146 coupled to the envelope

detector 144. The envelope detector 144 includes a filter 149, a diode 150, a

capacitor 1 52 coupled to ground and an amplifier 1 54. The RF detector 1 1 2 is

powered from a power line 156 and a ground line 158 provided on the conductor

1 1 4 which couples the RF detector 1 1 2 to the input circuit 123 ofthe RF decoder

1 22. To isolate the operational circuitry ofthe RF detector 1 1 2 from noise on the

power line 1 56, the RF detector 1 12 further includes a resistor 160 and a capacitor

162 to ground.

The envelope detector 144 responds to the input signals received at the

antenna and amplified by the amplifier 142 to produce at the output circuit 146

data corresponding to the envelope of the RF signals transmitted by the lire

monitors 1 06. Thus, the filter 148, diode 1 50 and capacitor 1 52 together form a

circuit coupled with the antenna 140 to detect an envelope of electrical signals

produced by the antenna in response to the RF signals. The envelope is itself an
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electrical signal which is amplified in the amplifier 154. The output signal from

the amplifier 1 54 is applied to the base ofa transistor 1 64. In response to this

signal at its base, the transistor 1 64 modulates a wireline signal on the conductor

1 14 in response to the envelope ofthe RF signals received at the RF detector ] 12.

That is, the signals applied at the base ofthe transistor 164 control turn-on of the

transistor 1 64, conducting current from its collector at the power node ofthe

conductor 1 14 to its emitter at the ground node ofthe conductor 114. As a result,

the current in the conductor 1 14 will be modulatedm response to the RF signals

received at the antenna 140 of the RF detector 1 12.

In one embodiment, to detect the modulated current, the input circuits 123

ofthe RF decoder in the illustrated embodiment may include a current mirror

which duplicates the current drawn from the input stage of the input circuit 123,

coupled to the conductor 1 1 4. The output current from the current mirror in the

input circuit 123 is provided to a resistor which converts the current signal into a

voltage signal which can be read by the microcontroller 1 24. Suitable current

mirror circuits are within the purview ofthose ordinarily skilled in the art of

circuit design.

In this manner, then, the signal provided on the conductor 1 14 forms a

transmission indication indicating that the tire monitor 106 associated with the RF

detector 1 12 has transmitted an RF signal which was detected by the RF detector

1 12. Producing the transmission indication includes detecting the envelope of the

RF signals transmitted by the tire monitor 106 and producing a wireline signal on

the conductor 1 1 4 in response to the envelope of the RF signals. In particular, in

the illustrated embodiment, the wireline signal is produced by modulating a

current in a conductor 1 14 coupled with the control unit 110. The control unit 110

detects the modulation of the current to locate the transmitting tire monitor 106.

Significantly, the RF detector 1 12 does not demodulate the data transmitted

by the tire monitor \06. Only the RF circuit 120 ofthe control unit 1 10

demodulates the data to extract the contents of the RF signal 106. The RF detector

only senses the presence of the transmitted RF signals. This reduces the cost of

the RF detectors ) 12 and the overall cost ofthe remote tire monitor system 1 00.
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Also, by modulating the current in the conductor 1 14, the RF detector's

sensitivity to noise is reduced. Noise will occur in the form ofvoltage spikes or

pulses on the conductor 1 14. However, this noise will have little effect on the

operation of the RF detector 1 12 and will have little effect on the current levels in

the conductor. As a result, the conductor 1 14 can be, for example, a twisted pair

ofwire or any other inexpensive two-wire cable. Coaxial cable or other shielded

cable is not necessary for implementing the system 100 using RF detector 1 12.

In alternative embodiments, the RF circuit 120 may be omitted, to such an

embodiment, the RF detectors 1 12 are used to detect the variations m the radio

fiequency signals and modulate a wire line signal on the conductors 1 1 4. The RF

decoder 122 in such an embodiment is configured to demodulate the data in

conjunction with the microcontroller 124. Current pulses on the conductor 1 14 are

detected by the RF decoder 1 22 and converted to voltage pulses. The voltage

pulses can be read by the microcontroller 124. In this manner, microcontroller

124 obtains the data from the RF detectors and the RF decoder, without use ofan

RF circuit 120. This has the advantage ofeliminating the relatively expensive RF

circuit Further, this permits reduction in the transmit power used by the tire

monitors 106 to transmit the radio frequency signals conveying the entire data. In

some jurisdictions, substantially attenuated transmit power is required for

applications such as tire monitors. These low transmit power requirements may be

satisfied while still providing reliable performance in the remote tire monitoring

system 100 by use ofthe RF detectors 1 12.

In still other embodiments, the functionality described herein may be

implemented using a programmed computer or other processor operating in

response to data and instructions stored in memory. The processor may operate in

conjunction with some or all of the hardware elements described in the

embodiments shown herein.

The disclosed rire monitor system may be used to provide an improved

auto learn or auto train method for automatically identifying positions ofa

plurality of tire monitors on a vehicle. As noted above, previously devices such as

a transponder or magnetic activation tools were used in the car plant to train the
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control unit ofthe remote tire monitor system with identifiers for the wheel

sensors or tire monitors. With the vehicle located in a training booth or activation

area at the factory, the wheel sensors were activated in sequence and the control

unit, expecting activated pressure transmissions in a certain order, learned the

identification and position on the vehicle ofthe wheel sensors. So as to prevent

cross talk from other training booths, each activation area is required to be RF

shielded. Another method oftraining the receivers was to ice bar code readers to

scan the identifiers ofthe wheel sensors and input this data into the receiver. All

of these methods required an additional operation either manually or by automatic

readers. These operations add cost and potential for downtime.

In the illustrated embodiment ofFIG. 1, no such tools are required. In the

car plant at the end ofthe production line, a standard one to two minute dynamic

test is used to test and calibrate steering, brakes etc. ofthe vehicle. For the

illustrated embodiment, positions and identities of the four tire pressure monitor

wheel sensors are automatically learned during this dynamic test

This is achieved by placing the control unit or receiver in a "learn state" at

a dynamic test booth. The wheel sensors transmit either once a minute as in the

normal mode, or in a special initial mode corresponding to a brand new, right out

of the box state, transmitting more often, for example every 30 seconds, or every

10 seconds.

For example, when the wheel sensors leave the manufacturer's production

line, they are placed in off mode. This mode means that each wheel sensor is

dormant until it is activated by the closing of its motion switch . Closing the

motion switch is only achievable through centrifugal force caused by spinning the

tire monitor on a rotating wheel. During normal operation, the wheel sensor,

while driving, transmits tire information including supervisory tire pressure once

every minute. However, in the illustrated embodiment, for the driving periods

during the first 16 activations of the motion switch, the wheel sensor will transmit

the supervisory pressure data once every 30 seconds (to conform to United States

regulatory requirements) or 10 seconds outside the United States. Other time

intervals may be used. After the initial 16 transmissions, or any other suitable
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number, the transmission interval is changed to its normal mode value, such as one

minute. This initial mode is known as factory test mode.

At the time of the dynamic vehicle test, the vehicle is accelerated, causing

the wheel sensors to activate with the rotation ofthe wheels and associated closure

oftheir motion switches. When the wheel sensors begin transmitting tire pressure,

say once every thirty seconds, each sensor's identifier is transmitted by the sensor

and is received up by the RF circuit ofthe control unit. In this initial unlearned

state, the receiver loads the new identifier into memory, associating the

transmission with one ofthe four RF detectors. Only data received which also is

synchronized to activity on one of the RF detector conductors is regarded as valid.

Over the one to two minute duration ofthe dynamic test, each wheel sensor will

transmit numerous times and the control unit can verify the tire information, such

as each wheel sensor identifier, and associated wheel position. The control unit

can then load this data into non-volatite memory for subsequent normal use.

Key advantages of this auto-learn technique is the lack ofany additional

labor or equipment at the vehicle assembly plant, and the lack ofa need for a

transponder component or magnetic switch in the wheel sensor. Also there is no

possibility oflearning the wrong wheels, from other vehicles due to cross talk or

ofgetting the wrong position. Thus, cost is reduced, operation is simplified and

reliability is increased. Using the illustrated embodiment ofthe tire monitor

system, no additional activation or learning tools are required to train the control

unit with the wheel sensors' position on the vehicle. The only device required to

train the control unit is the standard dynamic vehicle test at the end ofline test in

the vehicle assembly plant. Because the training procedure can be carried out in

parallel with the steering and braking tests on the rolling road, and because of the

factory test mode feature, no extra time or cost is required to *auto learn' the tire

monitor system.

The illustrated embodiment further provides for automatic update of tire

monitor position information in the control unit upon replacement ofone of the

tire monitors of the system. This would occur, for example, ifone of the wheels

or tires ofthe vehicle is replaced. Due to the nature of the current embodiment,
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where the RF detectors are continuously indicating the position of the wheel

sensors, a wheel sensor may be replaced and detected by the control unit without

fte need for use- intervention. In this case, where a new wheel sensor is put on a

wheel, the control unit initially realizes it is receiving a wrong identifier for the

tire monitor, but still getting RF detector pulses from a particular wheel position-

In addition, the control unit detects that the previously stored identifier for that

position is no longer being received. Over a period of time, say ten minutes

driving, the receiver verifies it has stopped receiving a stored identifier and is now
receiving a new ID for that position. After verification, the new identifier is stored

for that position and operation continues as normal.

The big advantage ofthis is the lack ofneed for user intervention and

elimination ofthe need for a service tool at each service location. Tire monitor

position and identification is updated automatically.

FIG. 2 is a flow diagram illustrating an auto lean* method for the remote

tire monitor system ofFIG. L The method begins at block 200. At block 202,

one or more tires with new tire monitors are mounted on a vehicle which includes

a remote tire monitor system. In this embodiment, the tire monitors are in unused,

out ofthe box condition from the manufacturer. The installation ofblock 202 may
occur as part ofthe final assembly ofthe vehicle at the factory. Alternatively, the

installation may occur when new tires are installed on the vehicle or when a

remote tire monitor system is added to the vehicle.

At block 204, the dynamic vehicle test is initiated and, in response, at block

206, the tire monitors begin transmitting radio frequency (RF) signals. The

dynamic vehicle test is a test to check proper functionality of the systems ofthe

vehicle, including drive train and brakes. Alternatively, any activity which causes

the tire monitors to begin transmitting may be substituted at block 204 to initiate

transmission at block 206. For example, the process ofdriving the vehicle from

the end of the assembly line to a storage area or a final checkout area in block 204

may be adequate to begin transmission at block 206. It is contemplated that the

tire monitors each include a motion switch which activates the tire monitor in

response to motion of the tire monitor on the wheel of the vehicle.
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Further, at block 206, the tire monitor begins transmitting at a test mode

interval, such as once every 30 or 60 seconds. This aspect may be omitted but

adds convenience for initializing the tire monitor system. After initialization, the

interval may be reduced to reduce power drain from the battery which powers the

tire monitor.

After transmission ofthe RF signals at block 206, the RF signals are

received by a receiver of the remote tire monitor system at block 208. The RF

signals are demodulated, decoded and otherwise processed to extract the data

conveyed on the RF signals. For example, the tire monitor may modulate a canier

signal using data corresponding to pressure of the tire or a tire monitor identifier.

The receiver of the remote tire monitor system demodulates the received RF

signals to receive the data. At block 2 1 2, the data including a tire monitor

identifier, ifany, is provided to a control unit ofthe remote tire monitor system.

Meanwhile, the same RF signals received and demodulated at blocks 208,

210 are detected at block 214. In the preferred embodiment, the RF signals are

received without demodulation, for example, using a detector ofthe type

illustrated above in conjunction with FIG. 1. Other suitable RF detectors may be

used. At block 216, in response to the detected RF signals, a transmission

indication is provided to the control unit. The transmission indication indicates to

the control unit which RF detector of the vehicle detected the RF signals

transmitted by the tire monitor and received by the receiver at block 208.

At block 218, identification information associated with the tire monitor is

stored. In one embodiment, the data forming the identifier transmitted by the tire

monitor and received by the receiver of the remote tire monitor system is stored in

memory. Other types and formats of identification information may be stored.

For example, the control unit may store an RF detector indicator which indicates

which RF detector detected the received RF signals.

In this manner, the described method provides automatic learn capability in

a remote tire monitor system. No manual intervention is necessary for the control

unit to identify and store, the identities and locations of individual tire monitors on
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flie vehicle. This reduces time and cost associated with initiating operation ofthe

remote tire monitor system.

FIG. 3 is a flow diagram illustrating an auto learn method for the remote

tire monitor system ofFIG, L The method ofFIG. 3 starts at block 300.

Atblock 302, RF signals transmitted by a tire monitor associated with a

wheel ofa vehicle are received by a receiver ofthe remote tire monitor system. At

block 304, the RF signals are demodulated, decoded and otherwise processed to

extract the data conveyed on the RF signals. For example, the tire monitormay

modulate a carrier signal using data corresponding to pressure of the tire or a tire

monitor identifier. The tire monitor identifier may be a serial number or other

unique or nearly-unique data associated with the tire monitor. For example, the

tire monitor identifier may be multiple bit data stored in the tire monitor at the

time ofmanufacture of the tire monitor. The receiver of the remote tire monitor

system demodulates the received RF signals to receive the data. At block 306, the

data including a tire monitor identifier, if any, is provided to a control unit ofthe

remote tire monitor system.

Meanwhile, the same RF signals received and demodulated at blocks 302,

304 are detected at block 308. In the preferred embodiment, the RF signals are

received without demodulation, for example, using a detector of the type

illustrated above in conjunction with FIG. h Other suitable RF detectors may be

used. At block 310, in response to the detected RF signals, a transmission

indication is provided to the control unit. The transmission indication indicates to

the control unit which RF detector of the vehicle detected the RF signals

transmitted by the tire monitor and received by the receiver at block 302.

At block 312, stored identification information is retrieved from memory at

the control unit. In the illustrated embodiment, the identification information is

stored at a memory location associated with the transmission indication or RF

detector. Thus, the control unit receives a wireline indication from a receiving RF

detector that a transmission has been received. Using the wireline indication, the

control unit selects the memory location from which previous identification

information is retrieved.

r



WO 03/089260 PCT/US03/11582

-19-

At block 3 14, the control unit determines ifthe identifier received from the

transmitting tire monitor matches the stored identification information. In this

application, a match may mean a bit-by-bit match of received and stored data or

some other level or association between the received data and the stored data. If

the data match, at block 31 6, the tire information such as pressure data are

updated. For example, in one embodiment, tire pressure data are stored along with

the identification information for the tire monitor. If the received tire pressure

data varies by a predetermined amount from the stored tire pressure data, the

received tire pressure data is stored and an alarm or other user indication is

generated.

At block 318, ifthere is no match between the received identifier and the

stored identification information, the method waits for receipt ofan additional

transmission associated with this RF detector. Preferably, the tire monitor

transmits pressure data and a tire monitor identifier periodically, such as once per

minute. Upon receipt ofa subsequent transmission, at block 320, the method

attempts to verify the previously received tire monitor identifier. This is done by

comparing the newly received tire monitor identifier and the previously received

tire monitor identifier to determine if there was an error in communication of the

previously received tire monitor identifier In some embodiments, multiple

subsequent transmissions may be received for comparison. If there is no

verification, at block 322, the mismatched transmission received at block 302 is

discarded. This condition indicates that the same tire monitor continues to

transmit, and the mismatched transmission was received with an error.

If at block 320 the newly received data verify the previously received data,

the identification information stored for this RF detector is updated with the tire

monitor identifier from the received transmission. This condition indicates that

the tire monitor has been changed and is communicating reliably. In this manner,

the illustrated system and method provide automatic update capability after a tire

monitor has been changed. This may occur if the tires ofthe vehicle are rotated or

ifone or more tires is replaced. There is thus no need to manually intervene for
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the remote tire monitor system to update the identities and locations ofthe tire

monitors on the vehicle.

FIG. 4 is a block diagram ofa vehicle 400 with a remote tire monitor

system 402. In the exemplary embodiment ofFIG. 4, the vehicle 402 includes

wheels 404, 406, 408, 410. Each wheel includes a tire mounted on a rim. In other

embodiments, the vehicle 400 may have other numbers ofwheels. For example,

in one particular embodiment, a truck has 18 wheels.

The remote tire monitor system 402 includes a control unit 4 12, a front

detector 414 and a rear detector416. The front detector 414 is electrically coupled

to the control unit 412 by a cable 418. Similarly, the rear detector 416 is

electrically coupled to the control unit 412 by a cable 420.

The remote tire monitor system 402 further includes a tire monitor

associated with each wheel ofthe vehicle 400. Thus, a tire monitor 424 is

associated with wheel 404; tire monitor 426 is associated with wheel 406; tire

monitor 428 is associated with wheel 408; and tire monitor 430 is associated with

wheel 410. The tire monitors are generally of the type described herein and are

configured to detect a tire condition such as tire pressure and to occasionally

transmit a transmission including tire data, such as tire pressure data and

identification information uniquely identifying the respective tire monitor.

In the illustrated embodiment, the front detector 414 is positioned

proximate the left front wheel 404. For example, the front detector 414 may be

mounted in the wheel well adjacent the wheel 404. Similarly, the rear detector

416 is positioned near the left rear wheel 408, such as in the wheel well adjacent

the wheel 408. With this mounting configuration, the front detector 414 is

positioned to detect transmissions from the pair of tire monitors 424, 426

associated with the front wheels 404, 406. The front detector 4 1 4 is proximate the

left front tire monitor 424 and distal the right front tire monitor 426. Similarly, the

rear detector 4 16 is positioned to detect transmissions from the left rear tire

monitor 428 and the right rear tire monitor 430. The rear detector 4 1 6 is

positioned proximate the left rear tire monitor 428 and distal the right rear tire

monitor 430.
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The illustrated embodiment is exemplary only. In FIG. 4, the

-detectors 414, 416 are designated for detecting radio frequency transmissions from

the front wheels 404, 406 and the rear wheels 408, 410, respectively. In alternate

embodiments, the RF detectors 414, 416 may be positioned to detect RF

transmissions from the left side wheels 404, 408 ^nd the right side wheels 406,

410 respectively. Similarly, while in FIG. 4 the front detector 414 is positioned in

proximity to the left front wheel 404, away from the right front wheel 406, this

positioning may be reversed so that the front detector 414 is positioned near the

right front wheel 406, such as in the left front wheel well. In the same way, the

rear detector 4 1 6, shown in FIG. 4 in proximity to die left rear wheel 408, may be

positioned m proximity to the right rear wheel 41 0. Actual-positioning ofthe RF

detectors 414, 416 is not important. Rather, the relative signal strength or

frequency ofreception ofRF transmissions from tire monitors is what is measured

by the detectors 4 1 4, 41 6 in conjunction with the control unit 412. It is important

that each RF detector be positioned on one side or end ofthe car, away from the

centeriine, so that the relative signal strength or number oftransmissions received

by the RF detector from each of its associated pair of tire monitors can be

determined.

The control unit 412 includes a receiver to receive radio frequency

transmissions from tire monitors ofthe tire monitor system 402, a controller 432

and a memory device 434. The controller 432 forms a processing means and may

be any suitable control device such as a microprocessor, microcontroller

application specific integrated circuit (ASIC) or logic device coupled together to

perform the necessary functions described herein.

The memory device 434 forms a memory means for storing data and

preferably is formed ofsemiconductor memory. In the illustrated embodiment,

the memory device of the control unit 412 includes persistent memory or

nonvolatile memory such as an E2PROM, and working memory such as random

access memory (RAM). For example, the persistent memory may be used to

stored tire identifiers and pressure data over extended periods of time, such as

when the vehicle 400 is parked. The RAM may be organized as an array which
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stores counter values associated with tire monitor identifiers and tire monitor

positions, as will be described in greater detail below.

FIG. 5 is a flow diagram illustrating operation ofone embodiment ofa

remote tire monitor system. The method illustrated in FIG. 5 may be used in

conjunction with a remote tire monitor system ofthe type illustrated in FIG. 4.

The method embodiment in FIG, 5 allows a control unit ofsuds a system to

automatically learn the positions ofthe tire monitors ofthe system on the vehicle,

referred to as a learn method or learn routine. This determination is made after

receiving several transmitted frames of tire data from the respective tire monitors

ofthe system. The control unit establishes an array ofdata in working memory

and uses the data of the array to determine the position information for each tire

monitor in the system. An example array ofdata is illustrated below.

FrontRFD Rear RFD TotalRF FramcCounter

idl 22 2 22

id2 12 4 23

id3 2 20 20

id4 1 10 20

In this example, rows of the array are defined by the identification

information for each tire monitor from which data are received. In the example

above, the identification information is listed as "idl," "id2," etc. However, in a

more typical example, the identification information will be a numeric value

forming a unique identifier or identification code of a transmitting tire monitor.

The identification code is typically transmitted along with the tire pressure or other

tire data by the tire monitor in a transmission frame. The exemplary amy is

shown with four rows, one for each tire monitor ofthe vehicle in this example.

The array may also be formatted with additional rows to record data for additional

transmitting tire monitors whose transmissions are received by the controller.

In the example array above, the columns of the array correspond to frame

counter values which count the number of frames received at the respective RF
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detector ofthe system. Thus, in this example, a frame labeled with tire monitor

identifier idl has been received at the front RF detector 22 tiroes. A frame with

the same identifier idl has been received at the rearRF detector two times, and so

on. The count label TotalRF_FrameCounter is a count ofthe total number of

frames received by the receiver of the controller from the identified tire monitor.

The total frame counts recorded in this column is always greater than or equal to

an RFD frame counter because the receiver has greater sensitivity than the RF

detectors and detects transmissions that are missed by the RF detectors.

The method ofFIG. 5 begins at block 500. The method ofFIG. 5 shows

the learn routine on the production line, when the tires ofthe vehicle are first

assembled with the tire monitors and added to the remote tire monitor system. At

block 502, it is determined if tire identifiers are already stored in electrically

erasable (E
2
) memory. This memory is nonvolatile or persistent memory which

retains data stored therein even when power is removed from the memory. In the

illustrated system, after installation on a vehicle, the persistent memory is empty.

As soon as tire identifiers are received and verified according to the procedure of

FIG. 5, the tire monitors are stored in the persistent memory. Thus, block 502

determines if this is the first time the tire monitor system has been operated after

installation on a vehicle. Ifso, no tire monitor identifiers will be stored in the

persistent memory and the
,4
no" path will follow to block 504. If tire identifiers

are already stored in the persistent memory, the "yes" path is followed to

block 602.

At block 504, it is determined ifa frame ofdata has been received. If not,

control remains in a loop including block 504 until a frame ofdata have been

received. As indicated above, each frame ofdata transmitted by a tire monitor

typically includes data corresponding to the tire identifier which uniquely

identifies the transmitting tire monitor and tire data, such as data corresponding to

the measured tire pressure of the tire. Other information, such as a header or

synchronization data may be transmitted as well.

Once a frame ofdata has been received at block 504, the tire monitor

identifier contained in the frame ofdata is extracted and compared with other
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already-received identifiers stored in the list in working memory. Ifthe extracted

tire identifier is not present in the list, block 506, it is added to the list, block 508.

Control then proceeds to block 510, where the relevant wheel position counters are

incremented. As noted above, each identifier has three associated counters. One
counter each is associated with each RF detector ofthe system and stores date

corresponding to the number oftransmissions detected by that respective RF

detector. The third counter counts the total frames received from an identified tire

monitor, and is incremented after a frame is received at the receiver ofthe

controller. Thus, the relevant wheel position counters that are incremented at

block 510 include the total RF frame counter and the frame counter corresponding

to the front RF detector or the rear RF detector.

At block 512, a test is performed to determine ifthe specified criteria have

been fulfilled. First, it is determined iffour tire identifiers in the list have Total

RF Frame counter values that are greater than a praietermined number, 20 in this

example. That is, before applying the pass criteria, at least four tire identifier

counters must have a value of20 or greater. This test is implemented to ensure

that there is a strong signal from a tire monitor and to eliminate any wrong or

incorrect tire identifiers being added to the system. Ifthe received signal from a

tire monitor is weak, it will likely be received only a few times, rather than 20 or

more times. Any other suitable number may be substituted for the predetermined

number 20. Reducing the number will increase the speed at which the tire monitor

positioning is learned by the system, but may increase the likelihood of incorrect

tire monitor position learning.

According to the second criterion of the illustrated embodiment, the

counter for the front RF detector must be larger than the counter for the rearRF
detector for two different tire identifiers out ofthe four. According to the third

criterion, it is determined ifthe frame counter for the rear RF detector stores a

value larger than the front RF detector frame counter for the two remaining tire

identifiers in the list. If these criteria are not fulfilled using the tire identifiers in

the lisr, control returns to the block 504 to await receipt ofadditional frame of

data.
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Ifthese three criteria are fulfilled, however at block 51 4, two tire

identifiers are selected from the list for the front axle of the vehicle, according to

the second criterion above, and two tire identifiers are selected from the list for the

rear axle, according to the third criterion above. Thus, at block 5 1 8, the method

has chosen four tire identifiers with a total RF frame counter value higher than 20

and has distinguished the selected tire identifiers between the fiont of the vehicle

and the rear ofthe vehicle by using the front frame counter value and rear frame

counter value. For example, using the values shown in the example list above, the

tire identifiers corresponding to the tire monitors positioned at the front ofa

vehicle are tire identifiers idl and id2. The tire identifiers corresponding to tire

monitors positioned at the rear ofthe vehicle are id3 and id4.

Beginning at block 516, the method identifies the right and left tire monitor

for each axle. First it is determined if, among the identified tire identifiers from

the list for each of the front and rear axles, one RF detector counter value has a

higher frame counter value than the other. Ifnot, the method cannot distinguish

the two tire monitors on the axle. Control returns to block 504 to await receipt of

additional frames ofdata. If the criterion ofblock 5 1 6 is met, at block 5 1 8 the tire

indicator with the higher RF detector frame counter value is selected to be on die

same side of the vehicle astheRF detector for that end of the vehicle. Thus, in

FIG. 4, among the front wheels 404, 406, the tire identifier associated with the

larger valued RF detector counter is selected to correspond to tire monitor 426.

Similarly, the tire identifier having the lower valued RF detector counter value is

selected to be associated with the tire monitor 424. Alternatively, if, as is

suggested in FIG* 5, those RF detectors 414 and 416 are positioned on the left side

ofthe vehicle 400, then ofthe tires of tire identifier selected at block 5 1 4, the

larger valued RF detector frame counter is associated with the left-hand side tire

monitor for both axles. In the illustration ofFIG. 4, if the RF detector 414 were

instead mounted on the left-hand side of the vehicle 400, the larger valued tire

identifier would be selected to be associated with tire monitor 424 and the larger

valued RF detector frame counter would be selected to be associated with tire

monitor 428. Using the example list of data above, and assuming that both tire
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monitors are on the left-hand side ofthe vehicle, the method would select idl for

the left front tire monitor and i<J2 for the right front tire monitor. Similarly, the

method would select id3 for the left rear tire monitor and id4 for the right rear tire

monitor.

At block 520, the four selected tire identifiers are stored in non-volatile

memory such as the E2PROM or other persistent memory described above.

During subsequent operation of the tire monitor system, as new frames oftire data

are received, the tire identification information contained in the frame will be

compared with one of the selected in store for tire identifiers. Ifthere is a match,

the tire pressure information or other tire data contained in the frame will be used

to update the cunrent tire pressure information. At block 522, the learn routine

illustrated in FIG, 5 is exited and the method ofFIG. 5 terminates.

FIG. 6 illustrates a method for the remote tire monitor system to learn the

positioning of tire monitors on a vehicle during a normal driving operation. The

method begins at block 602, which is accessed after determining at block 502

(FIG. 5) that tire monitor identifiers have already been stored in the persistent

memory of the system.

At block 602, the tire monitor values stored in the persistent memory are

inserted into the list or array in working memory. The Total RF Frame Counter,

the front RF detector counter value (for identifiers which were in the front) and the

rear RF detector counter value (for identifiers which were in the rear) for each of

these array entries is preloaded with a predetermined value, such as 5. Storing

preloaded values such as this gives a weighting to the tire identifiers already stored

in the persistent memory and copied into the working memory array. The benefit

ofweighting the preloaded tire monitor values in the array in this manner is to

reduce the likelihood that a tire monitor on an adjacent vehicle will be detected

and selected as one of the four tire monitors ofthe vehicle. This could occur, for

example, if more than one vehicle with comparable systems are parked adjacent

each other, such as the end ofan assembly line or in another location. Further,

weighting the preloaded tire monitor values reduces the time required for the learn
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process so that reliable information can be given to the driver sooner. This

process happens every time the vehicle is started and a newjourney is begun.

At block 604, it is determined ifa frame ofdata has been received. Ifnot,

control remains in a loop including block 604 until a frame ofdata is received.

Once a frame ofdata has been received, control proceeds to block 606.

At block 606 it is determined ifthe tire monitor identifier contained in the

received frame is already stored in the persistent memory or E2PROM. Ifnot, at

block 608 the received tire monitor identifier is added to the working list of tire

identifiers in working memory. Control proceeds to block 610.

At block 610, the relevant wheel position counters are incremented.

Operation here is similar to the operation at block 510, FIG. 5. The working list of

data includes columns for each of the front and rear RF detector counters and a

total RF frame counter. At block 61 0, the total RF frame counter corresponding to

the received tire identifier is incremented. Also at block 61 0, the counter

corresponding to the front or rearRF detector is incremented, depending on which

RF detector sensed or detected the transmission from the transmitting tire monitor.

At block 612, three criteria are tested to determine if sufficient frames of

data have been received to reliably distinguish front from rear the monitor

positions. Operation ofblock 612 is similar to the operation ofblock 512, FIG. 5.

At block 614, two tire identifiers are selected to correspond to the front end of the

vehicle and two tire identifiers are selected to correspond to the rear end of the

vehicle. At block 612, if all three criteria are not fulfilled, control returns to

block 604 to await the receipt ofadditional frames ofdata.

At block 616, it is determined if, for each of the front and rear sets of tire

monitors, one tire monitor has a higher RF detector counter value. If not, control

returns to block 604 to await the receipt ofadditional data. If so, at block 618, the

front and rear selected tire monitor pairs are each sorted among right and left tire

monitors, selecting a left front, right front, left rear and right rear tire monitor. At

block 620, the four tire monitor identifiers are stored in non-volatile or persistent

memory, along with position information for the tire monitor. The learn routine of

FIG. 6 is then exited at 622.
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P1G. 7 is a block diagram ofa tire monitor 700 in accordance with a further

embodiment of the present invention. Hie tire monitor 700 includes a controller

702, a battery 704, a transponder coil 706, a pressure sensor 708, an accelerometer

710, a motion detector 712, an RF stage 714 and an antenna 716. It is envisioned

that each wheel or tire ofa vehicle will have a tire monitor such as the tire monitor

700 associated with it to monitor tire conditions such as tire pressure. The tire

monitors are actuated in part by signals produced by the accelerometer and are

controlled by the controller 702. The controller 702 detemiines positioning ofthe

tire monitor, for example, on the left side or the right side ofthe vehicle, based on

the signals produced by the accelerometer. The controller 702 thus forms a tire

monitor position information determining circuit which is responsive to a

acceleration signal from the accelerometer. The controller 702 forms a control

circuit configured to determine position information about position of the tire

monitor on the vehicle in response to an acceleration signal from the

accelerometer 7 1 0.

The controller 702 may be any suitable processor, microprocessor,

microcontroller or other suitable data processing device for performing the

functions described herein. In one embodiment, the controller 702 is configured

as an application specific integrated circuit (ASIC). The ASIC is designed using

pre-existing circuit blocks which are capable ofperforming the necessary

functions, either alone or in conjunction with controlling software. The processor

generally further includes memory for storing data in instructions for use in

conjunction with received and generated data.

The battery 704 provides operating power for the tire monitor 700,

including the controller 704. The battery 704 may be replaceable or may be

permanently installed.

The transponder coil 706 is configured for actuation in response to

electromagnetic energy imparted from external to the tire monitor 700. In

response to the RF energy, the transponder coil produces a voltage or current

signal which may be detected by the controller 702. Communication with the

controller 702 using a transponder coil in this matter is known for actuating
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operation of a tire monitor such as the tire monitor 700 or for communicating data

or other information produced at the tire monitor 700, In the illustrated

embodiment, the transponder coil 706 may detect a programming actuation

produced by bringing an exciter into the vicinity ofthe transponder coil 706. The

exciter actuates the transponder coil to produce a signal detectable by the

controller 702. This may cause the controller, for example, to transmit tire

information in a manner to be described below. This initial transmission oftire

information may then be used to program the control unit ofa remote tire

monitoring system ofthe type described herein.

The pressure sensor 708 forms a sensing device for detecting a tire

condition and producing tire data in response thereto. In the illustrated

embodiment, the pressure sensor 708 detects the pneumatic air pressure of the tire

with which the tire monitor 700 is associated. In alternate embodiments, the

pressure sensor 708 may be supplemented with or replace by a temperature sensor

or other devices for detecting tire data. An indication ofthe tire data is provided

by the controller 702 at an input 720.

The accelerometer 710 forms a rotational sensor for the tire monitor 700.

In the preferred embodiment, the accelerometer is a dual axis accelerometer but

any multiple axis accelerometer may be used. Alternatively, two or more single

axis accelerometers may be substituted to perform the same function ofthe

accelerometer 71 0. One example ofa suitable accelerometer is any of the dual

axis accelerometers produced by Memsic, Inc., Andover, Massachusetts. The dual

axis accelerometer determines first acceleration along a first axis and second

acceleration along a second axis. As will be described below in conjunction with

FIGS. 8-1 1, during operation, the first axis and the second axis lie in a rotational

plane of the respective tire with which the tire monitor 700 is associated. The tire

monitor 700 and its associated wheel rotate about a third axis which is orthogonal

to the first axis and the second axis.

Operation of the tire monitor in conjunction with the accelerometer 710

will be described below in conjunction with FIGS. 8 through 11. The exemplaiy

accelerometer has no mechanical moving parts but works on a principle of air
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convection to determine acceleration along two orthogonal axis. The

accelerometer 710 produces a signal at an input 722 ofthe controller 702. In one

embodiment, this signal is an analog voltage proportional to the acceleration

detected by the accelerometer 710. In another embodiment, this signal includes a

first axis acceleration signal representative ofacceleration along a first axis and a

second axis acceleration signal representative ofacceleration along a second axis.

The output signal may be a voltage or a current or may be an analog signal, a

digital signal or a ratiometric signal. At an output 724, the controller 702 provides

a power control signal to the accelerometer to turn on and turn off the

accelerometer 710 under control ofthe controller 702.

The motion detector 712 provides an indication at an input 726 of the

controller 702 when the tire monitor is in motion due to rolling ofthe tire with

which the tire monitor 700 is associated. The motion detector 712 may also be

referred as a roll switch. In some embodiments, the motion detector 712 produces

the indication when the speed ofthe vehicle exceeds a predetermined threshold,

such as 15 miles per hour. In other embodiments, as will be described below, the

motion detector 712 may be omitted or its function combined with that of the

accelerometer 710.

The RF stage 7 1 4 includes circuitry necessary for transmitting radio

frequency signals conveying tire data, identification data, status data and other

information from the tire monitor 700. The antenna 716 is electrically coupled

with the RF stage 714 to facilitate RF transmission. In one embodiment, the valve

stem is used as the antenna 716. In the preferred embodiment, the RF stage 714

transmits radio signals to communicate data representative of the position

information determined for the tire monitor, such as positioning ofthe tire monitor

700 on the right or left side of the vehicle. The RF stage 714 thus forms a position

information radio transmitting circuit.

FIG. 8 illustrates acceleration experienced by a tire monitor such as the tire

monitor 700 of FIG. 7. FIG. 8 illustrates a tire monitor 800 mounted on a wheel

802 associated with a tire 804. The wheel 802 and tire spin about a hub 806 in

either a clockwise direction or a counterclockwise direction. Rotation in the
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clockwise (CW) direction is illustrated in FIG. 8. As is further illustrated in

FIG. 8, the tire monitor 800 experiences two types ofacceleration during rotation

ofthe tire. Centrifugal acceleration a„ which may he encountered by a tire monitor

or dependent on the maximum vehicle speed and the tire and ream (rim)

combination used. The required turn on speed for the tire monitor in one

embodiment, indicating when the tire monitor determines that it should change

state, is when the vehicle has reached a speed ofapproximately 15 miles per hour.

The forces seen by the tire monitor at this speed can vary. Empirically, an

accelerometer force of2G, or twice the acceleration due to gravity, is specified.

The maximum acceleration seen by the accelerometer 800 will occur in certain

high speed automobiles which can achieve speeds of200 miles per hour or more,

corresponding to a centrifugal acceleration a„ of 1 800G at the tire monitor.

As is further illustrated in FIG. 8, the tire monitor 800 also experiences

tangential acceleration, a,. The tangential acceleration experienced by the tire

monitor is, in contrast to centrifugal acceleration a,,, very small in magnitude.

Exemplary values are fractions of a G force. Also, such tangential accelerations

may last for only short durations.

FIG. 9 further illustrates acceleration in a tire monitor 900 such as the tire

monitor ofFIG. 7. The tire monitor 900 includes a dual axis accelerometer which

is sensitive to acceleration along two orthogonal axes. As shown in FIG. 9, these

include an x axis 902 and a z axis 904. The accelerometer, in conjunction with the

tire monitor 900 rotates about the center 906 of the wheel on which the tire

monitor 900 is mounted. A y axis extends through the center 906, perpendicular

to the plane of the page and orthogonal to the x axis 902 and the z axis 904. As

the wheel turns, the tire monitor 900 moves in one of a clockwise direction 908

and a counterclockwise direction 910.

The accelerometer 900 is placed on the tire monitor with its sensitive axis

oriented as shown in FIG. 9. As the vehicle moves forward, the tire monitor 900

and the two perpendicular axes of the accelerometer will rotate around the y axis

or wheel axis at the wheel center 906. In the embodiment in which an

accelerometer producing an analog output signal is used, each output signal ofthe
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accelerometer, one output per axis, will produce a sine wave. This sine wave

describes acceleration due to gravity plus the centrifugal or tangential acceleration

components. The two sine waves are illustrated in FIGS. 1 1 and 12. The dual

axis accelerometer 900 will produce first and second axis acceleration signals

having a sine wave characteristic such as that illustrated in the drawing figures.

FIG. 10 is a diagram showing acceleration or G force versus wheel angular

position when the wheel is moving in a counterclockwise (CCW) direction.

FIG. 10 shows acceleration along the x axis 1002 and the z axis 1004. Similarly,

FIG. 1 1 shows acceleration orG force versus wheel angular position when the

wheel is moving in a clockwise (CW) direction. FIG. 1 1 shows acceleration along

the x axis 1 1 02 and acceleration along the z axis 1 104. In both FIG. 10 and

FIG. 1 1 the maximum acceleration detected by the accelerometer is approximately

plus or minus 1 G or 1 times the acceleration due to gravity. As noted above, in

typical applications, the actual acceleration experienced in a moving wheel maybe

much larger or much smaller than this amount

FIG. 12 shows the AC component of the forces on both accelerometer

planes as the vehicle accelerates. Force on theX plane is plotted as line 1204.

Force on the Z plane is plotted as line 1202. Both accelerations start out at a

substantially 0 value and increase to a generally constantAC value. The Z plane,

line 1202, has an offset proportional to the speed ofthe vehicle due to centrifugal

force.

From FIG. 1 0 and FIG. 1 1 , it can be seen that, as the wheel rotates, the two

waveforms produced by the dual axis accelerometer are out ofphase by 90

degrees. Depending on the direction ofrotation ofthe wheel, clockwise or

counterclockwise, one axis will lead or lag the other axis. Thus, in FIG. 10,

showing rotation in a counterclockwise direction, acceleration along the z axis

1 004 leads acceleration along the x axis by approximately 90 degrees. Similarly,

in FIG. 1 1, acceleration along the x axis 1 102 leads the acceleration along the

z axis 1 1 04 by approximately 90 degrees.

In the illustrated embodiment, the accelerometer converts the acceleration

it detects into a signal such as a voltage waveform. This signal, including a first
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signal for acceleration on one axis and a second signal for acceleration on a second

axis, can then be sampled by the controller of the tire monitor. Position

information about position ofa tire including the tire monitor can then be
J
etermmed based on the signal. A decision can subsequently be made as to

tether the tire monitor is rotating m a clockwise or counterclockwise direction,

ased on the sampled signal from the acceierometer. The position information,

ich as right hand side positioning or left hand side positioning can be determined

om the direction ofrotation.

For example, the controller ofthe tire monitor can determine a lag/lead

Jationship of the first acceleration signal for the x axis and the second

xeleration signal ofthe z axis. The controller determines whether the x axis

gnal leads or lags the z axis signal. This lag/lead information will indicate either

ockwise or counterclockwise rotation for the wheel or tire associated with the

;e monitor Based on the clockwise or counterclockwise rotation information,

id information that the vehicle is traveling forward rather than backing up, the

mtroller can determine whether the tire monitor is on the right-hand side or the

ft-hand side ofthe vehicle. As illustrated in FIG. 12, the z axis will have a

jntrifiigal force offset However, for directional rotation, the disclosed method

id apparatus only look at the alternating +lg / -ig component Accordingly,

GS. 10 and 11 do not illustrated all acceleration components seem at the output

the z axis accelerometer but are representative of the alternating component,

peration of the tire monitor will be described in greater detail below in

injunction with FIGS. 14 and 15.

FIG. 13 is a block diagram illustrating one embodiment ofa control unit

100 for use in conjunction with the remote tire pressure monitoring system

scribed herein. The control unit 1300 is preferably mounted in a convenient

cation of the vehicle, such as in the dash near the front ofthe vehicle or in the

ink near the rear of the vehicle. The control unit 1300 includes an antenna 1302,

adio frequency (RF) receiver 1304, a peak detector 1306, a microcontroller

08, a voltage regulator 131 0 and a communication interface circuit 1312.
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The control unit 1 300 receives transmissions from the plurality of tire

monitors ofthe vehicle. These transmissions may be encoded or modulated in any

suitable format according to any suitable technique. In one embodiment, each

transmission is in the form ofa frame or word ofencoded digital data. The data

are organized as data fields. In one example, the data includes a plurality ofstatus

bits conveying status or function data, identifier bits conveying identification

information for the transmitting tire monitor, pressure bits conveying measured

tire pressure, temperature bits conveying measure tire temperature and error

checking bits. Some of these data fields may be omitted or other data may be

substituted

The antenna 1302 and the RF receiver 1 304 operate together to receive

radio frequency transmissions from tire monitors ofthe remote tire monitoring

system. As indicated herein, the respective tire monitors transmit information

including tire data, identification data and status information from time to time.

The RF receiver 1304 includes a received signal strength indicator (RSSI) circuit

and demodulating and decoding circuitry. The demodulating and decoding

circuitry operate to extract the transmitted information from the received RF

signals- This information, in one embodiment, includes tire data, identification

data for the transmitting tire monitor and status data. The status data in one

embodiment includes position information such as left/right position information

determined by the transmitting tire monitor. Thus, the RF receive 1 304 forms

position information radio receiving circuit The recovered data is provided to the

controller 1208 for further operation.

The received signal strength indicator circuit produces a signal related to

the received signal strength ofthe RF transmission received at the RF receiver

1 304. Any conventional RSSI circuit can be used. The RSSI circuit provides an

RSSI indication to the peak detector 1306. One embodiment ofthe peak detector

1306 will be described below in conjunction with FIG. 14.

The peak detector 1306 provides a peak signal to the microcontroller 1308.

In the illustrated embodiment, the microcontroller includes an analog-to-digital

(ADC) 1320 which samples the peak received signal strength provided by the peak
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detector 1306 after a word or frame of data has been received by the RF receiver

] 304. The ADC 1320 thus produces a digital value ofthe peak received signal

strength during the transmission ofthe frame.

The peak detector 1306 includes a reset input 1314. At the very beginning

ofeach frame ofdata, a reset signal is applied to the reset input 13 14 by the

controller 1308 to reset the peak detector. This operates to reject any influence of

other RF noise sources. The peak data may be associated with other information

received by the RF receiver, such as the identification data for the transmitting tire

monitor This data may then be stored for subsequent use.

In &e illustrated embodiment, the controller 1308 develops a running

average ofthe peak RSSI values for each wheel. This is done by, for example,

retrieving stored peak data associated with the tire monitor identifier received with

each transmission, developing an average and storing the average value. As

additional transmissions are received from each tire monitor, the running average

for that respective tire monitor is updated.

Based on the running average, the controller 1308 makes a decision of

whether the transmitting tire monitor is positioned on a front or a rear wheel ofthe

vehicle. For example, ifthe RF receiver 1304 and antenna 1302 are positioned

closer to the front wheels ofthe vehicle, such as in the dash, the received signal

strength from the front wheels will be greater when received at that location than

the received signal strength from the rear wheels. Therefore, the average peak

value will be greater for two wheels, corresponding to the front wheels.

Conversely, if the antenna 1302 and RF receiver 1 304 are positioned toward the

rear ofthe vehicle, such as in the trunk, the received signal strength from the rear

tires will be greater than received signal strength for the front tires. Based on the

average peak detected values, the front wheels may be distinguished from the rear

wheels based on their transmissions.

In alternative embodiments, other signal detectors may be used to identify

strongest or weakest received signals and therefore determine front versus rear

information for the transmitting tire monitors. For example, a droop detector or
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negative peak detector coald be used to determine the weakest signal received for

each wheel and the front or rear decision could be based on that information.

The illustrated embodiment has a particular advantage in that the control

unit 1300 has only to determine front and rear positioning information for the left-

hand side tire monitors, for example, and then for the right hand side tire monitors.

In other words, assuming the control unit 1300 is located in the trunk, so that

reception oftransmissions from the rear wheel tire monitors is stronger, the

control unit 1300 only needs to determine that the left-hand side (IMS) rear tire

monitor transmission is stronger than the LHS front transmission, and that the

right-hand side (RHS) rear transmission is stronger than the RHS front

transmission. It does not matter ifthe RHS front transmission is stronger than the

LHS rear transmission. The control unit, using the received signal strength

information and peak detector 1306, is solely required to determine front vereus

rear from the received transmissions. Information about left versus right

positioning is determined from the content ofrespective transmissions.

This advantage is provided in an embodiment in which tire monitor

transmissions are received from tire monitors positioned at all wheels ofthe

vehicle. Right/left position information for each ofthe tire monitors is determined

to identify right side tire monitors and left side tire monitors. Subsequently, it is

determined which right side tire monitor is the right-front tire monitor and which

is the right-rear tire monitor. Also, it is determined which left side tire monitor is

the left-front tire monitor and which left side tire monitor is the left-rear tire

monitor.

In the embodiment described here, left/right position data contained in each

respective tire monitor transmission is used to determine the left/right position

information. The left/right position data is encoded based on the acceleration

detected by the dual axis accelerometer at each tire monitor.

Also, in this embodiment, the amount of signal received for respective tire

monitor transmissions is used to distinguish the right-front the monitor from the

right-rear tire monitor and to distinguish the left-front tire monitor from the left-

rear tire monitor. In one embodiment, amount of signal received is defined by the
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received signal strength, but other measurements may be used, as described herein.

Thus, once it is determined which side (right or left) ofthe vehicle the transmitting

tire monitor is on, then determine the front and rear positioning for the tire

monitor, statistically the chances ofcorrecdy identifying the positions ofthe tire

monitors on the vehicle are greatly improved over the case of first determining

front versus rear positioning, then determining right/left positioning.

The voltage regulator 1310 receives power, ground and ignition signals

from the electrical system ofthe vehicle and produces an operating voltage for the

controller 1308 at an input 13 16 ofthe controller 1308. The voltage provided at

the input 1316 is used to power the circuits ofthe microcontroller 1308 as well as

other components ofthe control unit 1300, such as the RF receiver 1304, the peak

detector 1306 and the communications interface 1312.

The communication interface 1312 provides interface to a bus 131 8 for

communication ofinformation to other components ofthe vehicle. In one

embodiment, the communication interface 1312 includes a Controller Area

Network (CAN) bus controller for transmitting and receiving data on the bus

121 8. Other types of communications interface circuits may be substituted.

FIG. 14 is a circuit diagram illustrating the peak detector 1 306 ofFIG. 1

3

in conjunction with the controller 1308. The peak detector 1306 includes an RSSI

signal input 1402, a low pass filter 1404, an amplifier 1406, a peak detector 1408,

a buffer 1410 and a reset circuit 1412.

The RSSI input 1 402 receives the RSSI signal produced by the RF receiver

1304 (FIG. 13) ofthe control unit 1300. The RSSI signal conveys information

about the relative received signal strength detected by the RF receiver 1304. hi

one embodiment, the magnitude ofvoltage of the RSSI signal is greater depending

on the strength ofthe received signal.

The low pass filter 1404 includes a resistor and a capacitor in the illustrated

embodiment. The filter 1404 operates to block or filter relatively high frequencies

which may interfere with operation ofthe peak detector circuit 1306. The RSSI

signal received at the RSSI input is preferably a DC signal which varies over time

depending on received signal strength.
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The amplifier 1406 operates to amplify the filtered RSSI signal* The peak

detector 1408 includes a rectifying diode 1414 and capacitor 1416. The diode

1414 and capacitor 1416 operate as a simple peak hold circuit Between assertions

ofa reset signal, the peak value ofthe amplified signal is stored on the common

node 1418 between the diode 1414 and capacitor 1416, at the input to the buffer

1410.

The buffer 1410 is configured as a unity gain amplifier in the illustrated

embodiment The buffer 1410 operates to isolate the node 141 8 at which the peak

signal value stored from other rircuitiy. The peak value is provided from the peak

detector circuit 1406 to the ADC 1320 for further processing.

The reset circuit 1412 includes a transistor and biasing resistors to reset the

storage node ofthe peak detector in response to a reset signal received from the

controller 1408. Upon receipt ofthe reset signal, the transistor is turned on,

grounding the storage node and resetting the peak detector circuit 1 406.

As will be appreciated by those ordinarily skilled in the art, other types of

peak detector circuits may be substituted for the peak detector circuit 1406 of

FIG. 14 for use in conjunction with the control unit 1300 ofFIG. 13.

FIG. 15 is a flow diagram illustrating one embodiment ofa method for

operating the tire monitor 700 ofFIG. 7. In the embodiment ofFIG. 15, the

method is associated with an embodiment ofthe the monitor 700 which includes a

motion detector switch 712 (FIG. 7). The method begins at block 1500.

At block 1 502, the tire monitor waits for activation by the motion switch or

motion detector. As described above, the motion detector provides an indication

to a controller ofthe tire monitor when the tire including the tire monitor is rolling.

The indication may be provided when the speed of the tire reaches a

predetermined threshold, such as 15 miles per hour. At block 1 502, the controller

remains in a loop or stable state awaiting activation by the motion switch.

Once the motion switch activation has been received, the controller of the

tire monitor powers up or activates the accelerometer, block 1 504. In the

preferred embodiment, the accelerometer may be powered on and offunder the

control of the controller in order to conserve power in the battery which the
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powers the tire monitor. At block 1 506, the acceleration signals from the

accelerometer are sampled by the controller. As described above, the

accelerometer provides, in one embodiment, an analog signal including two

voltages related to the acceleration detected along two orthogonal axis. This

signal is sampled over a time period to determine the acceleration. For example,

the lead and lag status ofthe voltage signals from the dual axis accelerometer is

determined in order to determine if the wheel is rotating clockwise or

counterclockwise, block 1508.

At block 1510, the accelerometer is powered down under control ofthe

controller ofthe tire monitor. Powering down the accelerometer removes

operational power from the accelerometer and its circuits, thereby reducing current

drain and power dissipation in the tire monitor, extending the life of the battery

which powers the tire monitor.

At block 1512, having determined the rotational direction of the wheel and

thereby, the right or left-hand side ofthe vehicle on which the tire monitor is

located, the tire monitor enters its normal transmission mode. Periodically, the tire

monitor transmits data for receipt by the control unit ofthe tire monitor system.

The transmissions preferably include status information including position

information, tire data, and identification information. Status information can

include indicators that the controller has determined the direction oftravel ofthe

vehicle and the right or left side positioning of the tire monitor. The tire data

indicate information about the tire, such as tire pressure, temperature, etc. The

identifier information includes an identifier which uniquely identifies the tire

monitor.

In the embodiment ofFIG. 15, including the motion switch in the tire

monitor, it can be determined that the vehicle is actually driving and not simply

backing up by simply looking at the accelerometer output after the roll switch has

contacted. The vehicle can not get enough speed to trigger the roll switch when

moving in reverse, so the accelerometer is never powered on, block 1504 or

sampled, block 1506, in this instance.
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FIG. 16 is a flow diagram illustrating an alternative embodiment ofa

method for operating a remote tire monitor. This embodiment may be used in

conjunction with an embodiment ofthe tire monitor in which the motion detector

is omitted and the accelerometer is used to provide the function ofa motion

switch, giving the accelerometer dual functionality, motion detection and

rotational direction detection. The method begins at block 1600, At block 1602,
*

the accelerometer determines ifa predetermined time duration such as 10 seconds

has elapsed since the last sample was received from the accelerometer. Ifnot,

operation remains in a loop including block 1602. Once the predetermined time

has elapsed, at block 1 504 the accelerometer is powered up by providing operating

power to the accelerometer so that it may begin operation. At block 1606, the

output signal from the accelerometer is sampled in order to determined the

detected acceleration.

At block 1608, it is determined if the centrifugal force detected by the

accelerometer exceeds a predetermined threshold, such as 10 G or 10 times the

acceleration due to earth's gravity. This is determined, for example, in just the

z plane ofthe accelerometer. If the centrifugal force does not exceed this

threshold, control returns to block 1610 and the accelerometer is powered down to

await elapse ofthe predetermined time, such as another 1 0 seconds.

If it is determined that the centriftgal force exceeded the predetermined

threshold, at block 1 6 12 it is determined ifthis is the first time this has occurred.

Ifnot, at block 1 614 the accelerometer is powered down and the time monitor

enters a normal transmission mode. This corresponds to the case ofongoing

operation, where the vehicle is underway and position information has been stored

for each wheel in the vehicle. Control then returns to block 1602 to await elapse

ofthe predetermined time period.

If, on the other hand, this is the first time the detected acceleration level has

exceeded the predetermined threshold or 10 G, at block 1618, the acceleration

signal from the accelerometer is sampled. This corresponds to the case ofa new

journey in the vehicle which has begun operation after being parked for a time.

Because of the possibility that the tires were rotated or changed since the last
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journey, the position information must be re-communicated and updated if

necessary at the control unit At block 1620, based on the sampled acceleration

signal, the controller determines the rotational direction ofthe wheel. The

controller determines if the wheel is rotating clockwise or counterclockwise. In

accordance with the exemplary embodiment given above, the clockwise or

counterclockwise rotation ofthe wheel is determined based on the lead or lag

condition of the acceleration signals produced by the accelerometer.

To determine that the vehicle is driving and not simply backing up, the

accelerometer is used to estimate the speed ofthe vehicle. This can be done by

measuring the rate ofchange ofthe accelerometer output over a predetermined

range, such as, for example, +1 G to -1 G. Alternatively, this can be done by

measuring the absolute G force in the z direction, for example. Below a certain G
force value, such as 10 G, which is equivalent to, for example, 20 miles per hour,

no evaluation ofaccelerometer output is performed. Once the centrifugal force

exceeds that threshold, indicating that vehicle speed exceeds the speed threshold

of20 miles per hour, the direction evaluation is performed. This second method is

illustrated in FIG. 16.

FIG. 17 is a flow diagram illustrating operation ofa control unit such as the

control unit 1300 (FIG. 13) ofa remote tire monitoring system as described herein.

The method begins at block 1 700.

At block 1 702, it is determined ifthe receiver has detected the beginning of

received radio frequency (RF data). This may be determined, for example, by

examining the stream ofreceived data and identifying an initial transmission

character, such as a leading string ofzero bit data or other data pattern. The tire

monitors transmitting the received data must be configured to transmit the

specified pattern for identification by the receiver. If the beginning of the

transmission, which may be referred to as a frame marker, has not been received,

control remains in a loop including block 1702.

Once the beginning ofthe frame has been detected, at block 1704, the peak

detector of the control unit is reset. This is done, for example, by asserting a reset

signal to the peak detector. At block 1706, it is determined if all ofa transmitted
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data word has been received. Ifnot, control remains in a loop including block

1706 until the entire transmission has been received. This may be determined by
counting the number ofbits, where each transmission has a predetermined number
ofbits or samples. Alternatively, this may be determined by looking for receipt of
another frame marker, indicating transmission ofa subsequent frame. Other

methods for identifying a complete frame transmission may be used as well.

Once a complete data word or frame has been received, at block 1 708, the

controller samples the peak detector and records or stores a digital value produced

by an analog to-digital converter (ADC) operating in response to the sampled peak
detector value. The stored value will subsequently be used to determine the

running average value for the peak information.

At block 1 71 0, the running average value for the peak information for this

wheel is updated. The stored average peak is retrieved, for example, using the tire

monitor identifier as a storage index to retrieve the correct stored data.

Subsequently, the new average is adjusted using the newly received peak value.

The new average is then stored, again using the received identifier value.

At block 1 71 2, it is determined ifat least a predetermined number ofwords
has been received for each wheel. The predetermined number may be any suitable

number. A larger number ofreceived data words provides increased reliability

and certainty that the data has been correctly received. A reduced number of
received words decreases the amount oftune required to reliably receive

information for each wheel. Ifthe threshold has not been exceeded, control

returns to block 1 702 to await receipt ofa new transmission from a tire monitor.

Ifthe threshold has been exceeded, at block 1 714, the peak averages determined

during the method ofFIG. 17are used to determine which tire monitors are

positioned on the forward or front wheels and which are positioned on the rear

wheels of the vehicle. Additional detail regarding one embodiment ofblock 1714
is provided below in conjunction with FIG. 18. The result of the determination of
FIG. 1 7 1 4 is used in conjunction with the transmitted left-hand side or right-hand

side data to determine the location ofeach respective sensor or tire monitor on the

vehicle.
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FIG, 18 is a detailed view ofone embodiment ofa portion ofthe method

illustrated in FIG. 1 7. The illustrated embodiment assumes that the receiver or

control unit is positioned in or near the trunk ofthe vehicle, closest the rear tires

nd away from the front tires. After processing block 1712 in FIG. 17 and

etermining that the threshold number ofwords has been received, at block 1 802

le method begins by retrieving the stored data for the two left hand side (LHS)

re monitors. Preferably, the received signal strength information (RSSI) for each

re monitor has been saved or averaged and a running average data has been

:ored for retrieval. The position information determined by the tire monitors

lemselves is also ktored and used to retrieve only, for example, the left side tire

lonitor data. At block 1 802, using a suitable identifier such as the tire monitor

fentifier, the data for the left hand side tire monitors is retrieved. The running

trerage data for each left hand side tire monitor is compared.

At block 1 804, left hand side tire monitor having the higher running

irerage RSSI data is assigned to the left rear position on the vehicle. Similarly, at

lock 1806, the lower ofthe two running average RSSI data is assigned to the left

ont position. Again, this assumes the receiver is m the trunk or the rear of the

chicle so that radio transmission from rear wheels have a higher average RSSI

lan the front wheel transmissions. 1£ instead, the receiver is positioned closer to

le front wheels, such as in the dash, the assignments will be die opposite of those

tdicated in FIG. 18. That is, the tire monitor having the higher average RSSI will

5 assigned to the left front position and the tire monitor having the lower average

SSI will be assigned to the left rear position.

After the position assignments are made, complete position data is stored

>r the left hand side tire monitors. The complete position data includes the

ght/left position data determined by the tire monitors themselves and the

ont/rear position data determined by monitoring signal strength ofthe

ansmttting tire monitors.

The process is repeated for the right hand side tire monitors, starting at

ock 1 808. At block 1 808, the data stored for the two right hand side (RHS) tire

monitors is retrieved and compared to determine which has the higher average
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signal strength or RSSI. At block 1 810, the tire monitor detennmed to have the

higher average signal strength is assigned to the right rear position. At block

1812, the tire monitor determined to have the lower average signal strength is

assigned to the right front position. After the position assignments are made,

complete position data is stored for the right hand side tire monitors. The

complete position data includes the right/left position data received from the tire

monitors and the front/rear position data determmed by monitoring signal strength

of the transmitting tire monitors. After execution ofblock 1812, control proceeds

toblocki716,FKJ.17

In the embodiment ofFIG. 17, front/rear positioning is detenruning using a

running average ofreceived signal strength stored for respective tire monitors of
the vehicle. In alternative embodiments, other information and techniques could

be used as well or in the alternative. For example, a single received transmission

could be used for determining position data, rather than the running average data

described above. Alternatively, rather than RSSI data, other information either

determined directly or derived from received transmissions, can be used to

determine proximity ofa respective tire monitor to the receiver.

In alternative embodiments, it may be possible to us received signal

strength to distinguish right from left using a single receiving antenna, comparing

received signal intensities in conjunction with transmitter identifiers to determine

actual wheel position. This alternative technique may be difficult to achieve

reliably, however. First, this technique requires a very unique positioning ofthe

receiver within the vehicle, usually at one corner. Even then, it is not guaranteed

to be reliable. Second, in the production of tire monitors, there is a spread or

manufacturing tolerance in the transmitted power from device to device, typically

6 dB. This variation can make detection ofright versus left very difficult Third,

other objects in or around the vehicle can drastically alter the RF environment,

decreasing the reliability ofthe right/left determination when a single receiving

antenna is used.

FIG. 19 is a flow diagram illustrating operation in an alternative

embodiment ofa remote tire monitor system. FIG. 19 illustrates parallel operation
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at both a tire monitor and the controller or electronic control unit of the remote tire

monitor system Hie method begins at blocks 1902, 1 904.

The embodiment ofFIG. 19 shows another way ofdetermining front versus

rear location is to use fee accelerometerm conjunction with the pressure sensor

inside the transmitter. The concept may be described as follows.

As the vehicle accelerates or decelerates, the front and rear wheel pressures

will vary by small but different amounts. By analysing the pressure in the

pressure sensor with higher resolution it is possible to detect small changes in

pressure that occur when the vehicle is braking or accelerating. The pressure

sensor ofthe tire monitormay have a selectable resolution or the controller ofthe

tire monitor may only operate on a selectable number ofbits ofpressure data.

In this embodiment, the the wheel sensor samples the tyre pressure when it

detects a sufficient level ofaccleration or deceleration. The acceleration or

deceleration may be detected by measurement aceleration along the the z plane of

the accelerometer. Then the tire monitor transmits a special acceleration message.

The special message may be indicated in any suitable manner. One convenient

way ofindicating this information is use ofa separate function code. This

message includes the normal ID but also includes an extra few bits to indicate how
much the pressure has changed since the last transmission (the norm) and an

acceleration or deceleration function code. This pressure fluctuation or delta could

be positive or negative.

This data is then processed by the receiver or electronic control unit (ECU).

As an example, if the ECU can associate a positive fluctuation in pressure in a left

hand side (LHS) wheel and a negative or lesser fluctuation in pressure in the

remaining LHS wheel when the vehicle is braking (indicated by the deceleration

function code), and similarly for the right hand side (RHS) then the ECU can

determine the front / rear location ofthe sensors. During braking, the front wheel

pressure momentarily increases and the rear wheel pressure decreases. As in the

other embodiments described herein, the ECU will base its decision offront/rear

by analyzing the data ofthe LHS sensors and the RHS sensors separately.
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This technique may be modified for use with other types ofvehicles. For

example, when a rear wheel drive car is accelerating, the pressure in the Tear

wheels will increase while the front wheels will see a decrease in pressure. The

transmitted codes can be changed to accommodate for variations as can be the

processing given to the received data.

In FIG. 19, the tire monitor waits in a loop including block 1906 until the

tire monitor determines that the vehicle is accelerating or braking by a sufficient

amount to reliably distinguish front from rear wheels. Other conditions such as

tire pressure variation due to temperature may be normalized or otherwise

accounted for in this process. Ifan adequate acceleration has not been detected,

processing remains in a loop including block 1906.

At block 1 808, the tire monitor determines if it experiences a sufficient

level ofacceleration to distinguish front from rear wheels. This act may be

performed by comparing the z axis acceleration signal from the dual axis

accelerometer with a predetermined threshold. The threshold may be based on

empirical data and may be normalized to improve reliability by reducing false

transmissions. This process ensures that low-level acceleration variations are not

used as a basis for the rear/front decision, increasing the reliability of the system.

Ifan adequate pressure difference has not been detected, processing remains in a

loop including block 1908.

At block 1810, an acceleration message 1922 is transmitted by the tire

monitor. In the illustrated embodiment, a particular function code 1924 is

included in the acceleration message to indicate the nature ofthe message and to

trigger special processing at the control unit. Also, the acceleration message in

this embodiment includes an additional data field 1926 indicating the pressure

variation since a baseline transmission. The baseline transmission may be the

previous transmission or may be an initial transmission made at the start ofa

journey or after a predetermined time has elapsed since the start ofa journey, or

according to any other condition. Also, the acceleration message in this

embodiment includes an additional data field 1928 indicating whether the tire
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monitor determined that it is accelerating or decelerating when the pressure

variation data was obtained. Processing at the tire monitor aids at block 1912.

At the control unit, processing is suspended at block 1914, awaiting receipt

ofthe transmission from the tire monitor or from another tire monitor ofthe

vehicle. When a transmission is received, block 1916, the transmitted data is

analyzed to determine how the transmission should be handled.

In response to the function code contained in the transmitted message, the

controller processes the message to determine if the transmitting wheel is a front

or a rear wheel. This is done, in one embodiment, by considering the rigjit or left

hand side data included in the message by the tire monitor based on the dual axis

acceleration signal from the accelerometer. Using the RHS or LHS data and the

transmitted pressure data and acceleration or deceleration code, the controller can

determine right versus front positioning ofthe transmitting wheel.

From the foregoing, it can be seen that the present embodiments provide a

method and apparatus which automatically conveys wheel position and data to a

receiver in a vehicle. The tire monitors of the system employ dual plane, multiple

axis accelerometers to determine their location on the vehicle using quadrature

detection. This information is communicated to the system control unit. The

system control unit uses the signal strength ofthe transmission to determine the

remainder ofthe position information, allowing position information to be updated

completely automatically. Even after changes in tire position due to tire rotation

or replacement ofa tire, the system automatically re-learns the position of the tires

on the vehicle. Wheel rotation can be monitored by the dual-plane accelerometers

at any vehicle speed, without limitations imposed by centrifugal force sensing by

the accelerometers. This means that a sensing velocity threshold can be set high

enough to eliminate false determinations when the vehicle is backing. Moreover,

Only the right/left position information obtained from the respective tire monitors

and an indication of tire monitor signal strength are required to reliably identify

tire positions on the vehicle. No additional information, such as data over a

communication bus or synchronization data are required.
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Thus, the tire monitors in accordance with the embodiments disclosed

herein are capable ofdetermining at least a portion oftheir own position on a

vehicle. Previous tire monitor systems were limited to transmitting information

such as tire pressure information and a tire monitor identifier. No actual position

information was transmitted. The receiver had to respond to this transmitted

information from two or more tires to determine the position ofthe tire monitors

on the vehicle.

It is a substantial improvement to the efficiency and accuracy ofsystem

operation that, for the first time, the tire monitors of the present embodiments can

determine their own position on a vehicle. The tires sense the direction ofrotation

ofthe wheel with which each tire monitor is associated. The rotation direction is

used to determine right or left position information for the vehicle. In one

embodiment, the disclosed tire monitors and method detect ifthe vehicle has

begun its journey or is merely backing up, preventing erroneous determination of

rotation direction and position information. In another embodiment, even this

operation is not required. Tire rotation direction may be determined directly from

an accelerometer, and most reliably from an indication of centrifugal acceleration

of the tire.

While a particular embodiment ofthe present invention has been shown

and described, modifications may be made. It is therefore intended in the

appended claims to cover all such changes and modifications which fall within the

true spirit and scope ofthe invention.
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CLAIMS

1 * A tire monitor for use in conjunction with a remote tire monitoring

system ofa vehicle, the tire monitor comprising:

a dual-axis accelerometer; and

a control circuit configured to determine position information about

position ofthe tire monitor on the vehicle in response to an

acceleration signal from the dual axis accelerometer.

2. The tire monitor ofclaim 1 further comprising:

a tire sensing device which detects a tire condition and produces tire data in

response thereto;

a radio frequency stage coupled with the control circuit to transmit tire

information including tire information based on the tire data and

position information.

3. The tire monitor ofclaim 1 wherein the dual-axis accelerator

comprises:

an output coupled with the control circuit to provide the acceleration signal.

4/ The tire monitor ofclaim 3 wherein the acceleration signal

comprises;

a first axis acceleration signal representative ofacceleration along a first

axis; and

a second axis acceleration signal representative ofacceleration along a

second axis;

5. The tire monitor ofclaim 4 wherein the first axis and the second

axis are orthogonal with a rotation axis.

6. A tire monitor method comprising:
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at a tire monitor, determining first acceleration along a first axis and second

acceleration along a second axis; and

based on the first acceleration and the second acceleration, determining

position information about position ofthe tire monitor on a vehicle.

7„ The tire monitor method of claim 6 further comprising:

based on the first acceleration and the second acceleration, determining

rotational direction ofa wheel associated with the tire monitor, and

determining the position information based on the rotational direction.

8. The tire monitor method ofclaim 7 further comprising:

producing a first acceleration signal based on the first acceleration and a

second acceleration signal based on the second acceleration;

determining a lag/lead relationship ofthe first acceleration signal and the

second acceleration signal; and

determining the rotational direction based on the lag/lead relationship.

9. The tire monitor method of claim 6 farther comprising:

transmitting radio signals to communicate data representative ofthe

• position information;

determining a received amount of the Tadio signals; and

based on the received amount, determining additional position information

about the position of the tire monitor on the vehicle.

1 0. The tire monitor method ofclaim 9 wherein the position

information comprises right/left position information and the additional position

information comprises front/rear position information.

IK A remote tire monitoring system for a vehicle, the remote tire

monitoring system comprising:

a plurality of tire monitors associated with respective tires ofthe vehicle,
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each tire monitor including

an accelerometer,

a monitor position information determining circuit responsive to an

acceleration signal from the accelerometer, and

a position information radio transmitting circuit; and

a control circuit including

a position information radio receiving circuit, and

a respective tire monitor position determining circuit

1 2. The remote tire monitoring system of claim 1 1 wherein the

accelerometer is configured to provide accelerometer signals indicative of

acceleration in two or more axes substantially in a rotational plane ofthe

respective tire with which the each tire monitor is associated.

1 3. The remote tire monitoring system ofclaim 1 2 wherein the monitor

position information determining circuit is configured to receive the accelerometer

signals and determine right/left position information for the each tire monitor.

1 4. The remote tire monitoring system ofclaim 1 3 wherein the control

circuit is configured to determine an amount of signal received from each

respective position information radio transmitting circuit.

1 5. The remote tire monitoring system ofclaim 14 wherein the

respective tire monitor position determining circuit is configured to determine

front/rear position information based on the amount of signal received for each

respective position information radio transmitting circuit

1 6. A tire monitor for use in a remote tire monitor system for tires ofa

vehicle, the tire monitor comprising:

means for determining a direction ofrotation ofan associated wheel;
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means for determining right/left position information based on the direction

ofrotation; and

transmitting means for transmitting data related to the right/left position

information for the tire monitor.

17. A tire monitor method for a tire monitor positioned at a wheel ofa

vehicle, the tire monitor method comprising:

receiving a tire motion indication;

sampling an accelerometer signal produced by a multiple-axis

accelerometer,

determining rotation direction for the wheel based on the accelerometer

signal;

determining position information for the wheel based on the rotation

direction; and

transmitting data to a remote receiver based on the position information.

1 8. The tire monitor method of claim 1 7 further comprising:

powering up the accelerometer prior to sampling the accelerometer signal;

and

powering down die accelerometer after determining the rotation direction

of the wheel.

1 9. A tire monitor method for a tire monitor positioned at a wheel ofa

vehicle, the tire monitor method comprising:

sampling an accelerometer signal produced by a multiple-axis

accelerometer;

ifan acceleration indication of the accelerometer signal exceeds a

threshold,

determining rotation direction for the wheel based on the

accelerometer signal;
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detenmining position information for the wheel based on the rotation

direction; and

transmitting data to a remote receiver based on the position

information.

20. The tire monitor method ofclaim 19 further comprising:

waiting for a predetermined triggering event;

powering up the accelerometer to sample the accelerometer signal;

ifvehicle speed as indicated by the accelerometer signal does not exceed a

threshold, powering down the accelerometer; and

waiting for a subsequent triggering event.

2 1 . The tire monitor method ofclaim 20 further comprising:

comparing the acceleration indication with a turn on threshold to determine

the vehicle speed.

22. The tire monitor method ofclaim 20 further comprising:

comparing the acceleration indication with a turn on threshold to determine

ifthe vehicle is travelling forward or in reverse.

23. The tire monitor method ofclaim 20 further comprising:

if the vehicle speed exceeds the threshold, determining ifthe vehicle speed

has previously exceeded the threshold;

if the vehicle speed has previously exceeded the threshold, powering down

the accelerometer; and

waiting for a subsequent triggering event.

24. A tire monitor method comprising:

at a tire monitor associated with a tire ofa vehicle, determining right/left

position data based on acceleration detected at a dual axis

accelerometer;
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at the tire monitor, determining a vehicle acceleration condition from the

dual axis accelerometer,

at the tire monitor, determining tire pressure data associated with the

acceleration condition; and

transmitting from the tire monitor tire pressure information, acceleration

information related to the acceleration condition and right/left

position information for determination ofposition of the tire

monitor on the vehicle.

25. The tire monitor method ofclaim 24 further comprising:

at a control unit ofthe vehicle, receiving the tire pressure information, the

acceleration information and the rigjit/left position information;

determining one ofa braking and an accelerating condition for the vehicle

based on die acceleration information; and

determining front/rear position information for the tire monitor based on

die determined braking or accelerating condition.

26. The tire monitor method ofclaim 24 further comprising:

at a control unit of the vehicle, receiving respective tire pressure

information, respective acceleration information and respective

right/left position information from a plurality of tire monitors;

selecting two or more tire monitors based on the respective right/left

position information;

determining one of a braking and an accelerating condition for die vehicle

based on the respective acceleration information; and

determining front/rear position information for each tire monitor ofthe two

or more tire monitors based on the determined respective braking or

accelerating condition.

27. The tire monitor method ofclaim 24 further comprising:
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detecting acceleration of the vehicle based cm an acceleration signal from

the dual axis accelerometer,

comparing the detected acceleration with an acceleration threshold; and

transmitting the acceleration information only when the detected

acceleration exceeds the acceleration threshold.

28. The tire monitor method ofclaim 24 wherein determining tire

pressure data comprises:

determining a variation in tire pressure from a tire pressure baseline value.

29. The tire monitor method ofclaim 28 wherein transmitting tire

pressure information comprises:

transmitting information about the variation in tire pressure.

30. A tire monitor method for a tire monitor system ofa vehicle> the tire

monitor method comprising:

receiving tire monitor transmissions from tire monitors positioned at all

wheels ofthe vehicle,

determining lefVright position information for each ofthe tire monitors to

identify right side tire monitors and left side tire monitors; and

subsequently, determining which right side tire monitor is a right-front tire

monitor and which right side tire monitor is a right-rear tire monitor,

and determining which left side tire monitor is a left-front tire

monitor and which left side tire monitor is a left-rear tire monitor.

3 1 . The tire monitor method of claim 30 further comprising:

determining amount ofsignal received for respective tire monitor

transmissions; and

distinguishing the right-rear tire monitor from the right-front tire monitor

and the left-rear tire monitor from the left-front tire monitor based

on the amount ofsignal received.
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32. The tire monitor method ofclaim 3 1 wherein determining left/right

position information for each ofthe tire monitors comprises:

detecting left/right position data contained in each respective tire monitor

transmission.
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